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Though the measurement of intelligence has of late made notable
advances in its practical applications, we are yet considerably in the
dark when we ask detailed questions regarding the interpretation
of our results, questions which are not mere academic puzzles but
which have a number of important practical bearings. That this is
the case is evident when we attempt to interpret in a comparative
way the norms now available for the different kinds of mental tests.
In a recent article in this journal1 Freeman has attempted to call in
question certain assumptions that seem necessary for the validity
of the IQ as used in Binet testing. The assumption of "divergence
of growth curves as well as a decrease in rate of growth," made by
Woodrow in his Brightness and Dullness in Children respecting the
development of intelligence is questioned; and, after pointing out
that the yearly increments in certain of our group intelligence norms
are about constant through a number of years, Freeman concludes
as follows: "It appears from these facts that both the assumptions
which may serve to explain the validity of the IQ in the case of the
Binet Scale are in question." (P. 12.) The validity of the IQ for
prediction depends, of course, on its constancy throughout a number
of successive years; and since the IQ is a ratio of mental age to
chronological age, it is obvious that the lines of intelligence growth of
individuals of different IQ's must diverge, so that a retardation of
one year at an early age will equal in effect one of two or more years
in later stages of growth. Moreover, speaking in general of the
rate of growth of intelligence, "It may be shown mathematically
that if the rate of growth were the only factors determining the IQ,
and if the IQ were valid, the curve would be logarithmic, the formula
'Freeman, F. N. The Interpretation and Application of the Intelligence Quotient.
J. Ei. Psychol., 1921, 12, 3-13.
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being y = log x." * Freeman produces the curves of a number of
point-scale norms to show that the logarithmic form of the growth
of intelligence is not in evidence. Most of these curves are in fact
nearly straight lines, some of them being exactly straight, through
several years,—that for Yerkes' point-scale tests being straight from
years 4 to. 12; for Pressey's, from years 8 to 16, with a slight diver-
gence covering years 11 to 14; and similarly for the Haggerty tests,
the Pintner non-language tests, the National Intelligence Test, and
others.
From these "curves" Freeman seems to read off directly the nor-
mal rate of the growth of intelligence; that is to say, he seems to
regard these curves of norms for point-scale tests as intelligence-
growth curves, in as much at least as these tests actually measure
intelligence. While he admits that these curves offer certain diffi
culties—such as a gradual bend toward the X-axis in certain cases
at about the beginning of adolescence, possibly due to the nature
of the tests themselves, and also an occasional small break in the
curve—and that the point of actual slowing up of growth in intelli-
gence can be located only after more extensive investigation, he
concludes that "The preponderance of evidence, however, seems to
indicate that up to some age in early adolescence at least the rate
of growth is approximately uniform." (P. 9.)
This is precisely the point, it seems to me, at which Freeman's
whole position must itself be called seriously to question. His posi-
tion seems to be founded on the view that these curves are in them-
selves intelligence-growth curves. Except on the most superficial
view of them, one that unfortunately is too often taken, this position
is wholly untenable. The curves, indeed, show only the number of
points scored at the ages indicated under certain standard condi-
tions, the most important of which is a definite limitation of time,
constant for all ages.
In the first place, it is hardly justifiable to apply to the Binet
scores from which the IQ is obtained, inferences of this nature from
scores derived under this time-limitation. In the Binet tests there
is practically no time limit in most cases, and the tests vary from
age to age with considerable overlapping. This is, of course, why we
•Freeman, up, cit., p. 6. It is obvious, however, that the simple logarithmic curvedoes not hold strictly, especially at the extremes of ace, for the growth curve of Intelli-gence. There is some degree of intelligence, probably a comparatively large amount,in the year-old child, and there is also rather good evidence that Its growth does not
continue to senility, whatever we may conceive intelligence to be.
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have had from these tests no very serious attempts to establish any
well denned view regarding the exact nature of the increments of
intelligence development through successive years, though the log-
arithmic curve has been implied as a rule as indicative of the rate of
mental growth.
Secondly, and this is our most important point, making inferences
as to the nature and rate of intelligence growth—either relatively
to earlier periods or absolutely—from absolute scores of average
accomplishment in definite periods of time, is a business that is beset
with hazards for a young science, to say the least. A concrete illus-
tration will tend to bring out the difficulty in question. The 1920
norms of the Otis Scale, Advanced Examination, are as follows:
TABLE
8 9
12 42
K> 52
12
I.
10
42
64
12
11
42
76
12
12
42
88
12
-Age.
13
42
100
12
14
42
112
12
15
42
121
9
16
42
125
4
17
42
128
3
18
42
130
2
Total time allowed 4
Standard score , 40
Increase in score in one year
It is obvious that the equation
W = ta (1)
will hold, if W represents the work done, while t and o represent,
respectively, time, or number of minutes, and the average amount of
work done per minute. Applying this equation to our special case,
and letting W stand for the total number of points scored and a for
the average number per minute, we may for the present purpose dis-
regard any "work" that does not make toward the production of
scores. We are compelled here, moreover, and in what follows, to
assume that each score-point has equal value with every other score-
point. Now figuring the values of a for the total scores given ia
Table I for years 8 to 14, through which the scores increase uni-
formly so far as the absolute units are concerned, we get the values
for a indicated in Table II . It is to be noted that the time of 42
TABLE II.
-Age.-
8 9 10 11 12 13 14
Value of a 95 1.24 1.52 1.81 2.10 2.38 2.67
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minutes for the Otis test is exclusive of time used for instructions
and all preliminaries; it is the time actually devoted to the work of
score-making.
Now it is obvious that o also makes a constant increase from year
to year, the increment being about .286, whereas the increment in the
total score is 12, as shown in the first table. Equation (1), when
applied in the present case to the changes in ability through suc-
cessive years, may be put into the form
W + nK = t (a + nk), (2)
in which n indicates the number of years after the eighth, and fc and
K represent, respectively, the constant yearly increments in average
per minute and in total score. In these equations it is seen that a
and t hold inverse relations, speaking roughly, and that therefore
making t constant, as is done in the point-scale group tests, makes the
average-per-minute values vary directly with the total score. Is any
one going to maintain seriously that an increase from .95 of a score-
point per minute, at eight years, to 1.24, at nine, (31%) is indicative
of the same growth in intelligence that an increase from 2.38 to 2.07
score-points (12%) from year thirteen to year fourteen represents?
The ratio of increase decreases perceptibly from year to year. Shall
we base our view of mental growth on the absolute increments or on
the proportionate decrements in^time for doing a specified amount
of work? Probably no one knows. One's choice will depend on just
what one means by growth of intelligence from year to year and in
what relationships one is considering such growth.
The importance of this point comes out clearly if we ask ourselves:
How does the speed decrement, in absolute units, for doing a con-
stant amount of work—making a given score-point—behave through
successive years? From the data given in Table II, we can deter-
mine the average number of minutes per score-point for the succes-
sive ages there shown, or the values of t as given in equation (1) for
successive years of mental growth, if W is made unity. Thus we
find in Table I I I the number of minutes required by children of the
successive ages shown, to make on the average a score of one point.
Figure I shows both the absolute increments of a and the absolute
decrements of t as given in the tables.
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FIGUEE L
The curves are norms of the Otis Scale, Advanced Examination. Curve a shows the
average number of score points made per minute, while curve t indicates the average
number of minutes required for each score point for different ages. The ages are shown
on the base line.
Average number of minutes to
make one score point 1.05
Decrease over previous year...
From a consideration of the data of tables I I and I I I and of Fig-
ure I it is obvious that one might come to different conclusions as to
the constancy of the rate of mental growth as indicated by perform-
ance at different ages, according to whether one considers how much
work is done in a unit of time, on the one hand, or how much time is
required for doing a definite unit of work, on the other. I t is to be
TABLE
8
III.
9
.81
.24
10
.65
.16
Age.
11
.55
.10
12
.48
.07
13
.42
.06
14
.37
.05
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noted that in either case here one considers absolute increments or
decrements. The conclusion from this consideration seems to be
that we cannot read off mental growth directly from either of these
score changes, as Freeman seems to have done from one of them.
The error here indicated is similar to one that has lurked in the
inferences from learning curves as to the rate of learning, first
pointed out by the writer, so far as he is aware, is 1917', an error
still persisting in certain recent articles on learning, even though
the author in one case has explicitly noted our criticism and thinks
he has avoided the error.* The error in question here is also similar
to one in the statistical determination of averages, which was
pointed out by Rugg simultaneously with our own statement of it
as applied to learning.' In dealing with curves of complex func-
tions, or with the data that such curves represent, it is essential
that we do not neglect the possible effect of factors of importance
that are not in evidence.
It is, of course, interesting to know of any test norms that the
increment from year to year is about constant, and also to note
when and how this increment begins to change with the approach
of mental maturity; and such knowledge may be useful in many
practical ways, even though applications such as we have questioned
in this paper cannot be made on any direct manner. Such con-
stancy of increase, however, does not necessarily indicate that a test
is a good mental test, or even that it discriminates well the different
degrees of intelligence known to exist in successive year-points in
mental development. Moreover, other factors should be considered
or controlled in interpreting such data. For example, let us sup-
pose that the children become fatigued in inverse order to their
ages—an assumption that is not unreasonable in long tests—and
that therefore the attention and application in any test period con-
stantly decrease, thus preventing the younger children from using
profitably all their time. This will obviously lower their score be-
yond what more fair conditions would make it. Now if this effect
appears early and gradually decreases with advancing years, it may
exactly balance and therefore cover up the effects of real mental
changes that we are attempting to measure; or it may tend to exag-
•Peterson, JOB. Experiments in Ball-tossing: The Significance of Learning Curves.
Jour. Exp. Ptyehol., 1917, I, 178-224.
•Perrln; F. A. C. The Learning Curves of the Analogies and the Mirror Heading
Tests. Psychol. Rev., 1919, 26, 42-62.
•Rugg, H. O. Statittioal Methods Applied to Education, 1917, 126-132.
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gerate them. We are not trying to indulge in a hair-splitting exer-
cise regarding this matter, but desire to show that a time element
cannot be safely disregarded in the comparison of different norm
curves taken as indicators of the rate of mental growth.
With reference to the problem before us, the successive yearly
increments of mental growth in children, it is probably obvious that
we can yet say but little with confidence, however useful the various
intelligence tests have become in the applications of psychology.
The article in question is far from making dogmatic conclusions,
and its cautions regarding the applications of the IQ to other scales
than the Binet, from which it originated, is timely; but if the criti-
cisms here offered are well founded it is well to abstain from con-
clusions as to the absolute growth of intelligence, based only on
norms of average attainment per unit of time. If the constancy of
the IQ is supported by more extensive research than has been made
we shall probably have to accept the view that mental growth curves
diverge and also that they decrease in rate with advance of age,
though it is very questionable that the logarithmic curve will be
found to correspond strictly to these curves at their extremes.
